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Abstract 
Difficulty in doing multiplication problems is common among pupils in primary schools. The main source of the problem is the 
difficulty to recall all the basic facts of multiplication. A method called the “Reference Sum Method” provides an alternative 
method to the conventional method of doing multiplication of whole numbers. This paper analyses the effectiveness of the use of 
the “Reference Sum Method” in helping pupils with difficulties in recalling all the basic multiplication facts, to improve their 
performance in doing multiplication problems. The study involved ten Year 4 Malaysian Primary school pupils in an urban 
primary school. The multiplication problems in the research were multiplication of two digit numbers by two digit numbers.  
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1. Introduction 
  
The four basic operations in mathematics, addition, subtraction, multiplication, and division are the common 
building blocks for almost all topics in Mathematics involving numbers. The basic operations in the Malaysian 
Mathematics curriculum are presented in a developmental sequence to enable pupils to grasp the basic operations 
which lend to understanding the other topics in mathematics.  Hence, the ability of a pupil to perform these 
operations will also play an important role in determining the pupil’s performance in other related Mathematics 
topics. However, it is common for pupils to fail in mastering the skills of performing these operations.  
 
The researcher’s experience of such failure among students was when she taught multiplication of 2-digit numbers 
by 2-digit numbers which involved the long multiplication algorithm to Year 4 primary school students. The pupils 
made several errors which reflected their lack of understanding of various mathematical concepts and also the long 
multiplication algorithm.  
 
1.1    Errors in doing long multiplication 
 
Among the errors identified in the pupils’ work were the following. 
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(a) Multiplied the digits in the columns with each other (see Figure 1).  This error may be because the pupils 
have difficulty following the long multiplication algorithm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Sample of pupil’s work- illustrating difficulty to follow the long multiplication algorithm 
 
(b) Wrote the product of the digit in the tens column with the digit in the ones column in the ones column and 
with the tens column in the tens column (see Figure 2). This illustrates the poor understanding of the place 
value concept in relation to multiplication. ‘Tens’ times ‘ones’ cannot have any other digit other than 0 in 
the ones column. Likewise ‘tens’ times ‘tens’ cannot have any other digit other than 0 in the tens column 
(Hansen, 2007; Killian et. A, 1980). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Sample of pupil’s work- illustrating poor understanding of the place value concept  
in relation to multiplication 
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(c) Careless mistakes. Wrote the incorrect question (see Figure3). However, examining the working in   
Figure 3 shows a poor recall of multiplication facts.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Sample of pupil’s work- illustrating careless mistakes 
 
Hence, the data revealed that pupils in the school made errors doing the multiplication problems because they could 
not follow the long multiplication algorithm, had poor understanding of the place value concept in relation to 
multiplication, had problem recalling all their basic multiplication facts and made careless mistakes. Having 
identified the possible root of the problem, pertinent literature was reviewed to find a method to help students do 
multiplication of 2-digit numbers by 2-digit numbers.  
 
Chapin and Johnson (2000) and Hall (1981) used a method called the array method to help children obtain solutions 
to multi digit multiplication problems. This method does not demand memorizing basic multiplication facts as it 
depends solely on counting. However, the tedious job of counting the squares does not make it feasible for large 
numbers.  
 
Another source was a book titled “Teach Your Children Tables” written by Bill Handley (2007). In the book, 
Handley (2007) describes a method called the ‘Reference Number’ method to do multiplication. The ‘Reference 
Number’ method is called the Reference Sum method by the researcher. This method uses a reference number to do 
multiplication (For the rest of the text the method will be called Reference Number method). Handley (2007) 
suggests to choose numbers that are simple to multiply such as 10 or 100. Figure 4 shows examples of how to use 
this method to multiply a 1 digit number by a 1 digit number (Case 1) and a 2 digit number by a 2 digit number 
(Case 2). The ‘Reference Number’ method reduces a 2 digit number multiplied by a 2 digit number into a simple 
digit multiplied by 10 (see Case 2). 
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                                              Figure 4: The Reference Number method 
 
Hence, the focus of this study was to describe the effects of using the ‘Reference Number’ method on pupils’ 
performance to do multiplication problems involving 2-digit numbers by 2-digit numbers.  
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2. Methodology 
 
This study involved 10 Year 4 pupils in an urban primary school who were selected based on a pre-test administered 
to 30 pupils. The pre-test was followed by an interview of seven out of the ten chosen participants. The interviews 
were audio taped. The next stage was the teaching and learning of the ‘Reference Number’ method which were 
videotaped. There were a total of five learning sessions conducted within a period of two weeks. Each session was 
an hour long. During each learning session, pupils were taught the ‘Reference Number’ method followed by an 
exercise. The first session taught the pupils how to use the ‘Reference Number’ method to multiply two 1-digit 
numbers. The questions demanded choosing an appropriate single digit reference number. The second to the fifth 
learning sessions involved finding the product of two 2-digit numbers. However the reference numbers were 
different for each learning session. After all the teaching and learning sessions were over, the post-test was 
administered. The post-test was followed by an interview session which was audio taped. A reflective journal was 
kept of each interaction. 
 
3. Findings 
 
The pre-test consisted of ten questions involving multiplication of 2-digit numbers by 2-digit numbers. The reactions 
from the pupils when served the pre-test showed their dissatisfaction that they had to do a multiplication test without 
referring to their times tables. Several pupils asked if they could refer to the times tables. Another asked if she could 
discuss with her friends. After been denied all requests some filled the spaces with answers while the others just 
slept on the table after writing their names and class. The class mean score was 41% for the pre-test. 
 
Of the 10 pupils chosen for the study nine scored zero and one pupil scored 10% (1 correct) in the pre-test. The 
interview after the pre-test revealed that these 10 pupils were aware of why they faced difficulties in doing long 
multiplication. The general comment was that long multiplication had many steps and rules to write the product and 
hence they cannot remember the steps and rules. For example a pupil stated: “Can’t remember the times tables and 
so many steps, I forget, get confused and don’t know which place to put the numbers here or here” (pointing to the 
ones and tens column). Hence it was obvious that the long multiplication algorithm was confusing for these pupils 
and they had not memorised their times tables. 
 
Exercise 1 given after the first learning session had 10 questions involving multiplication of 1-digit numbers by     
1-digit numbers. The lowest score was 60% and three pupils scored 100%. Pupils at first were confused and stated 
that they did not know which reference number to chose. Giving more examples and discussing the questions on the 
board by asking the pupils to show their working on the board gave them more confidence. When they did     
Exercise 1, the scenario was one of silence. The researcher was pleased and so were the students. The mean group 
score was 81% and scores ranged from 60% to 100% for Exercise 1. The pupils were very enthusiastic and inquired 
about the next session. Two students informed that they were involved in other activities and so would not be able to 
make it for the 2nd, 3rd and 4th learning sessions. However they promised to learn from their friends.  
 
The mean score for Exercise 1, 2, 3, 4, and 5 ranged from 84% to 98% and the mean score for exercise 2, 3, 4 and 5 
are 95%, 91%, 79% and 95% respectively. The drop in percentage was because the degree of increasing difficulty of 
the questions involved. The two digit numbers involved were getting bigger and bigger and subsequently the 
reference numbers were also getting bigger and more varied. In Exercise 2, the question involved numbers greater 
than 10 and less than 20 and 10 was the only reference number. Exercise 3 and Exercise 4 had question which 
required selecting the appropriate reference number for each question. Exercise 5 was also like Exercise 3 and 
Exercise 4 which required selecting the appropriate reference number, but the questions ranged from very easy to 
very difficult. The pupils had already had several practices and so the results for Exercise 5 turned out to be better 
than that for Exercises 3 and 4. (The two absentees returned to the group for the 5th session and scored 80% and 90% 
for Exercise 5).  
 
The post test was given the next day and the scores ranged from 80% to 90%.  Eight out of the 10 pupils scored 90% 
while two scored 80%. The group mean score for the post-test was 88% which is an 88% increase from the pre-test 
mean score for the 10 pupils which was 0%. The mean score for the post-test is also 47% higher than the pre-test 
mean score for the entire class. Hence the ‘Reference Number’ method successfully enabled pupils who had 
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difficulties using the long multiplication algorithm to multiply two 2-digit numbers, to be able to do the 
multiplication correctly. 
 
The main difficulties faced when using the long multiplication algorithm were difficulty in following the long 
multiplication algorithm and lack of understanding of the place value in relationship to multiplication. These 
difficulties were not faced when using the ‘Reference Number’ method. The algorithm for the ‘Reference Number’ 
method posed little problem to the pupils. Their main challenge when using the ‘Reference Number’ method is in 
choosing an appropriate reference number. However, this study showed that pupils can master the skill to choose an 
appropriate reference number within five one hour lessons. 
 
The complex problem of place value in relation to multiplication does not to arise when using the ‘Reference 
Number’ method (see Figure 5). This is because the ‘Reference Number’ method involves simple subtraction, 
addition and two very simple multiplication steps which involve the two numbers as a whole rather than dealing 
with them digit by digit as is done in the long multiplication algorithm. The result in each step in the ‘Reference 
Number’ method involves numbers whose digits are already in the correct place value positions. Hence, the 
‘Reference Number’ method again has managed to avoid a problem that arises when using the long multiplication 
algorithm from causing difficulty for pupils to multiply two 2-digit numbers. 
 
 
 
Figure 5: Sample of pupil’s work using the long multiplication algorithm in the pre-test (left picture) and using the 
‘Reference Number’ method in the post-test (right picture) 
 
As for careless mistakes, pupils did make some careless mistakes when using the ‘Reference Number’ method but 
not as many as when they used the long multiplication algorithm because there are fewer steps in the ‘Reference 
Number’ method compared to the long multiplication algorithm. Hence all in all the ‘Reference Number’ method 
appears to be a more efficient method for pupils to do multiplication of two 2-digit numbers.  
 
However, when the plan of the next stage which was to explain how the ‘Reference Number’ method algorithm 
works to the pupils was outlined, it was realised that the pupils would be more confused than when they were trying 
to understand the long multiplication algorithm. This is what was prepared: 7x8 = (10–3) (10–2) = (10 x 10) + (10x 
(–2)) + (10 x (–3)) + ((–3)x(–2)). The researcher realised that it was not necessary to go further because there were 
so many concepts involved. The success of the ‘Reference Number’ method in this study cannot be denied. 
However, looking at the manipulation behind the ‘scene’, the researcher started to examine other questions such as 
the simple 1 x 2. Using the ‘Reference Number’ method, if the child chose 10 as the reference number, then the 
steps would be as in Figure 6. 
 
 
 
Figure 6: Using the ‘Reference Number’ method to do 1 x 2 
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Primary school pupils in Malaysia are not exposed to negative integers. Even many secondary pupils get confused 
with negative numbers. Hence although the ‘Reference Number’ method enables pupils to find the product of two 2-
digit numbers ‘mechanically’, it is a meaningless algorithm for primary school pupils. The teacher would find it 
impossible to explain meaningfully the ‘Reference Number’ method to the pupils.  
 
The ten pupils in this study however revealed during the interview after the post-test, that they had confidence in 
using the ‘Reference Number’ method to do multiplication of two 2-digit numbers. They claimed that they enjoyed 
doing multiplication problems using the ‘Reference Number’ method because it was easy to use and that they often 
obtained the correct answers.  
 
4. Conclusion 
 
The ‘Reference Number’ method has positive effects on pupils’ ability to find the product of two 2-digit numbers. It 
also has a positive effect on pupils’ interest to do multiplication problems because of the success rate of obtaining 
the correct answers. The problems faced when using the long multiplication algorithm does not arise when using the 
‘Reference Number’ method. Hence it makes an excellent tool to find the product of two 2-digit numbers.  
 
However, the pupils are unaware of the difficulties that they may face if they applied it to find the product of  
numbers such as the ‘1x2’. A method must enable pupils to apply it freely to any given problem in their level of 
schooling. The steps in the method used should also be understood by the pupils. This is the major weakness of the 
‘Reference Number’ method. It provides a meaningless algorithm. Hence, although Handley (2007) provided a 
simple algorithm to find the product of two numbers, but for Malaysian primary school pupils this would be merely 
a meaningless tool to find the product of two numbers. Some may argue that a lot of algorithms in the primary level, 
even the long multiplication algorithm are meaningless to most pupils. It may be true but at least when the teacher 
attempts to explain the algorithm he/she knows that the concepts are within the primary school curriculum and may 
be within the primary school pupil’s capacity to understand it. 
 
The researcher will pursue to search for another method to help pupils do multiplication problems successfully and 
meaningfully or develop a means to explain the ‘Reference Number’ method in a simple meaningful way. 
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